Simulation Time Required for Diminishing the Initial Conformational Deviations among Protein Crystal Structures.
Multiple crystal structures of a single kind of protein can be generally separated into several groups from their conformational deviations. A major factor causing the structural separation is the space group of crystals, in which precipitating agents have a strong influence on the packing of proteins in a crystal. In this study, we examined whether the separated groups of protein crystal structures can be merged into one group by computer simulation without a precipitating agent. The crystal structures of hen egg-white lysozyme (HEWL), myoglobin (Mb), hemoglobin (Hb), and human serum albumin (HSA) were selected as samples for molecular dynamics (MD) simulation. For example, 25 MD simulations were performed for HEWL, with 25 computational models being built from different crystal structures. Cluster analysis was applied to 25 snapshot structures obtained at the same time point from the respective simulation trajectories and the cluster analysis was repeated every 5 ns during the simulations. As a result, the separated cluster groups were basically merged into one group with only a few exceptions. In HEWL, noticeable conformational changes from the crystal structures were observed after heating. The dependence of the simulated structures on the initial crystals was diminished, and all of the clusters were merged into one group at 20 ns of MD simulation. In Mb, all of the clusters were merged into one group at 10 ns. For Hb and HSA, the time necessary for merging the structures became longer. In Hb, the initial group separation gradually became ambiguous after pre-equilibration, and the time required for diminishing the dependence on the crystal structure was 130 ns except for one cluster group. In HSA, 160 ns was necessary for all of the clusters to be merged into one group. These times provide important index for judging the equilibration of protein simulations.